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amtoDocrzoH  and  wrrm  or  urmsmx 

This  study  was  conducted  mainly  to  etudy  the  fertility  stutus  of  the 
three  soil  seariee  of  leasee,  The  eoil  series  are  Ladysmith,  Geary  and 
Sarpy,  The  approach  was  more  of  a  physico-chemical  nature  than  of  pure 
t>^~»i  or  biological  nature.  Hot  many  of  these  soils  are  characterised 
In  this  way.  Hence,  it  was  expected  that  this  paper  should  provide  basic 
information  regarding  the  characteristics  of  these  soils  in  general  and 
cation  exchange  phenomena  in  particular. 

Xelley  (15)  in  his  book  "Cation  exchange  in  Soils"  has  reviewed  the 
historical  development  of  cation  exchange,  according  to  him,  H.  S.  Theapsc 
in  1850  was  the  first  scientist  who  studied  cation  exchange  phenomena 
systematically.  However,  there  were  two  more  scientists  who  worked  in* 
dependently  and  published  their  wsrk  In  the  seas  year  1850,  as  Thompson 
did.  These  two  scientists  were— J.  F.  Way,  an  laiglishnan  who  worked  at 
Rotbamsted  Experiment  Station  and  a  Swede,  G.  Forschaner  who  published  his 
work  in  1850.  Thompson  showed  that  when  the  soils  were  mixed  with  ammonia 
and  leached  with  water,  much  of  the  emaonia  remained  in  the  soil.  Way 
published  his  work  and  showed  that  the  cation  exchange  phenomena  in  soils 
was  due  to  the  clay  fraction  and  was  connected  with  silicate  compounds. 
Forsehaaer  showed  that  when  the  soil  was  leached  with  sea  water,  Ca4* 
and  MB*4,  ions  wore  released.  Following  the  pioneering  efforts  of  these 
scientists,  this  phsnnmsnAr  was  studied  and  further  Investigations  were 
carried  out  by  various  workers  in  different  parts  of  the  world. 

As  far  as  soils  are  concerned,  this  phenomenon  is  considered  to  be 
the  most  important  for  the  cation  absorption  of  the  plants.  Marshall  (21) 


regards  the  nhonaaenon  of  cation  exchange  as  tho  second  most  important  in 
nature,  surpassed  only  by  photosynthesis*  Even  the  normal  functioning  of 
chlcrophyl,  in  the  process  of  photosynthesis,  is  dependent  to  a  certain 
extent  on  the  activity  of  certain  mstallc  cations  like  Kg4*  which  constitutes 
2.7  percent  of  tha  chlorophyl  content.  Hence,  this  phenomenon  in  soils  is 
the  most  important  one  and  in  many  ways  is  connected  with  different  soil 
reactions  and  is  responsible  for  shaping  the  soil  characteristics.  l*ny 
soil  reactions  for  instance,  soli  acidity  and  basicity,  fertiliser  response, 
reclamation  of  soils  (both  acids  and  alkali),  nutriont  absorption!  weathering, 
shrinkage  and  swelling  and  leaching  and  retention  of  nutrients  in  soils, 
are  all  closely  associated  with  cation  exchange  activity. 

Before  1930  (2Z)   clays  were  considered  to  be  the  amorphous  isoelectric 
precipitates  of  the  iron  and  aluminum  hydroxides  and  silicic  acid.  According 
to  Oieseking  (8),  Bauliag  in  1930  using  M-ray  diffraction  technique,  showed 
the  crystal  structure  of  mica.  Likewise  according  to  Gi seeking  (8),  Gruner 
in  1932  using  this  improved  technique  showed  the  differentiation  between 
different  groups  of  clay  minerals  and  finally  in  1932  he  determined  the 
crystal  structure  of  kaolinite.  A  year  later,  according  to  Gleseking  (9), 
Hofman  determined  the  structure  of  montzaorillonlta.  In  1937,  the  name  illite 
was  suggested  by  Grim  for  a  group  of  minerals  formerly  named  as  hydrous  mica 
by  Hendricks  and  Alexander  (Gleseking,  8  and  9). 

The  property  of  cation  exchange  in  soils  is  largely  dependent  on  soil 
colloids,  which  can  be  conveniently  divided  in  two  groups-— organic  colloids 
and  the  inorganic  colloids  or  the  clay  minerals  (also  called  layer  silicates). 
The  former  group  is  represented  by  the  organic  matter  content  of  the  soil 
and  the  latter  by  the  clay  minerals.  All  things  being  equal,  cation  exchange 


aro  the  functions  of  these  two  components  of  any  soil*  fas 
exchange  capacity  of  &  soil  varies  greatly  -uith  its  organic  matter  content. 
Barshad  (1)  is  of  the  opinion  that  cation  exchange  capacity  in  soils  doe  to 
organic  natter  nay  he  from  a  nlnlmum  of  6.9  percent  to  a  maximum  of  30  per- 
cent, depending  upon  the  organic  matter  content  and  its  state  of  decomposition. 

The  inorganic  component  of  the  soil  colloids  is  believed  by  various 
investigations  (Li,  16,  17  and  26)  to  be  the  most  active  of  the  rest,  the 
very  essence  of  fertility  is  often  attached  to  the  clay  minerals.  These 
minerals  have  the  ability  to  renew  the  available  nutrient  supplies  of  soils, 
m  other  words  the  commonly  known  term  «soil  fertility*  is  a  anaifestation 
ef  the  functions  of  soil  colloids  as  a  whole  and  of  tha  clay  minerals  in 
particular.  So  in  fertility  studios  of  soils,  not  only  organic  matter,  but 
also  the  type  of  clay  minerals  and  their  content  are  of  importance. 

Toth  (29)  stated  the  dominant  clay  minerals  in  Great  Soil  Croups  of 
toe  world.  According  to  him,  in  Chestnut  and  Prairie  soils  lacntmorillonite 
is  the  dominant  mineral  while  in  Chernosems  moatmorillonite  and  iliite 
fff«wg»y  are  dominant  and  in  Podsola  iliite  is  present  as  the  dominant 
one.  Keliey,  et  al  (IS)  mentioned  that  Ross  and  Shannon  who  had  showed 
that  toe  dominant  and  the  most  important  constituent  of  certain  types  of 
bentonitee  was  the  micaceous  crystalline  mineral,  meataorillonite. 

Grim  (10)  stated  the  cation  exchange  capacity  of  different  clay 
minerals.  According  to  him,  ■cotBorillonite  has  a  cation  exchange  capacity 
80-150  me.  per  100  g.  and  kaolinlte  3-45  me.  per  100  g.  of  mineral. 

Keliey  et  al  (18)  working  with  Prairie  type  of  soils  of  California, 
found  that  purified  bentonltes  had  the  base  exchange  capacity  of  105  to 
110  me.  per  100  g.  of  dry  material.  They  used  two  more  purified  bentonite* 


from  other  sources  end  determined  the  cation  exchange  eapacitiee  of  each. 
One  had  a  capacity  of  about  55  ate.  per  100  |«  of  dry  material  vhile  the 
other  ranged  from  82  to  88  me.  per  100  g. 

In  view  of  the  interrelationship  of  cation  exchange  reactions  and 
various  other  soil  phenomena,  more  knowledge  of  the  following  characteristics 
of  the  soils  was  needed  to  study  their  fertility  aspect  as  a  wholes 

a)  mechanical  analyses 

b)  organic  natter  contents 
e)  species  of  clay  minerals 

d)  exchangeable  cations 

e)  exchange  capacities 

f )  pH  values  of  the  soil 

g)  base  saturation  percentage* 

HkmmiS  AND  KKTK0D8 

three  soils  were  selected  for  this  study.  These  are  Tadysmith  silty 
day  loam)  Geary  clay  loomt  and  Sarpy  fine  sandy  loam,  A  brief  description 
of  each  is  given  below. 

Ladyemith  Soil  Series1 

This  series  includes  dark  colored,  moderately  fine  textured,  strongly 
developed  Planoeol-ehernozems,  developed  in  nearly  level  to  slightly 
undulating  Wisconsin  loess.  Ladysraith  soils  have  a  dark  A  horizon  and  a 
gray  and  clayey  B  horizon.  The  change  from  A  to  B  horizon  is  not  abrupt. 
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forpleal  Profile. 

Loeationr-Gne  hundred  fifty  feet  south  of  west  quarter  corner,  section 

27,  T13S,  R8B. 
Profilei-An  0-5"  Dark  grey  (10  XR4/L  toy)   ailty  cloy  loam.  Very  dark 

grey  <10  XR  2-5A  moist). 

Hodorately  fine  end  medium  granular  structure}  slightly 

hard,  firm;  pH  5#6j  clear  boundaryi  3-6"  thick;  roots 

abtaidant. 

A12  J*"3"  Da3ri£  63f«y  (10  XR  4A  dry)  silty  clay  loam.  Very  dark 
gray  (10  XR  2-5A  moist). 

Moderately  fine  and  sodium,  subangular  bloeky  structure; 
slightly  hard,  firm;  pH  5*4j  clour  boundary;  abundant 
roots;  0-4"  thick, 

B21  8-14"  Gray  (10  XR  5/1  dry)  clay,  very  dark  gray  (10  XI 
2-5/1  moist);  moderately  coarse  prismatic  structure 
breaking  to  moderately  medium  bloeky  structure;  very 
bard,  very  firm;  pH  5*5)  doar  boundary;  5-10*  thick* 

822  18-27"  Gray  and  grayish  brown  (10  XR  5A»  5/2  dry)  clay. 
Very  dark  gray  (10  XR  3/1  moist);  few  yellowish  red 
(5  XR  5/6  dry)  fine  distinct  mottles;  moderate 
medium  bloeky  structure;  very  hard;  very  firm; 
pH  7#2;  clear  boundary;  5-10"  thick, 

Bjq^  27-341*  Light  brownish  gray  and  pale  brown  (10  XR  6/2, 
6/3  dry)  clay;  grayish  brown  (10  XR  5/2  moist)  few 
yellowish  red  (5  XR  5/6  dry)  fine  distinct  mottles; 


weak  bloeky  structure,  very  hard,  vary  lira;  many 

black  shot  and  oelciun  carbonate  concretions; 

2pH  7i2j  clear  boundary;  3*.10n  thick. 
Ci  3U4&*   light  gray  (10  YJt  7A»  7/2  dry)  clay,  light  brownish 

gray  (10  IR  6/2  moist);  many  light  yellowish  **rowa 

(10  7JR  6/A  dry)  coarse  prominent  mottle*}  hard,  first; 

few  calcium  carbonate  concretions;  pH  3*2;  abrupt 

boundary;  10*24."  thick. 
Topography  $—   Nearly  level  to  gently  tabular,  loess  mantled  erosional 

upland. 
Drainage  and  Pewaaabilityi-  Veil  drained  to  moderately  vail  drained 

on  the  mere  level  areas  because  of  the  very  slow 

subsoil  peraeabllity.  Run  off  is  aedium  to  rapid. 
Vegetationi-     Kid  and  tall  grasses  of  native  bluestem  prairie. 
Use.  Veil  adapted  to  wheat.  Less  veil  adapted  to  sorghum 

and  alfalfa.  Lands  on  steep  slopes  are  maintained 

as  nativo  grass  pastures. 
Distribution!-   on  the  nearly  level  tabular  uplands  of  southeastern 

Geary  County  and  adjacent  counties. 

Qeery  Soil  Series1 

Geary  series  consists  of  veil  drained  moderately  dark  colored  moderate 
to  fine  textured,  reddish  prairio  soils,  developed  in  reddish  brown  loess 
or  looss-like  materials  believed  to  be  of  post  Glinoian  age.  These  soils 
occur  in  the  transition  belt  between  Chernosen  and  prairie  zones. 


Description  by  o.  W.  Bidwell. 


Locationi-Hine  feet  south,  tflne  feat  oust  of  southwest  corner  of  weather 
instrument  ayes,  Agronomy  Fans.  !$•  see.  1,  HOS,  R7E.  Slope 
$  percent,  arosion  alight}  dry  to  A  feet  and  slightly  moist 
below  that  depth  when  sailed* 
Profiler  A^  0-3*  Grayish  brown  (10  XR  5A-5  dry)|  very  dark 

gray  (10  XR  2.$A  aolst,  clay  loam}  moderate 
very  fine  granular  structure}  friable  and 
slightly  hardj  non-calcareous}  abrupt  boundary! 
3-8"  thick. 

*21  3"**  Dw*  P^**1  1»own  (10  XR  4/1.5  dry),  very  dark 
grey  (10  XR  2.5/1  moist),  clay  loan;  moderate 
very  fine  sub-granular  blocky  structurei  firs, 
hard;  non-calcareous }  clear  boundary!  4->8M  thick. 

AB  8-14"  Dark  gray  (10  XR  U/l  dry),  very  dark  gray  (10 

XR  3A  moist)}  silty  clay  loom!  strong  very  fine 
sub-angular  blocky  structure j  firm,  extremely 
hard}  non-ealoareous}  dear  boundary}  4-3*  thick* 

Bjx  14-30"  Orayish  brown  (10  XR  5/2  dry),  very  dark  grayish 
brown  (10  XR  3/2  moist)}  clay}  moderate  medium 
blocky  structure}  very  firm,  very  hard}  non- 
calcareous}  clear  boundary}  10-15"  thick* 

B22  30-42"  Brown  and  dark  brown  (10  XR  5/3  &  4/3  dry)  and 
dark  brown  (10  XR  4/3  moist)}  day}  weak  blocky 
structure}  vary  firm,  vary  hard}  non-calcareous} 
clear  boundary}  10-15"  thick. 


Bo  43-52"  r&le  brown  and  yellowish  brown  (10  XR  6/3, 

5/4  dry),  and  (10  XR  5/3,  7*5  IR  4/4  moist); 
clay;  B»ny  fin©  distinct  mottles;  saseivo  structure; 
vary  firm,  extrariely  bard;  non-calcareous;  clear 
boundaryf  3-12"  thick. 
C  52-60"  Pale  brown  and  yellowish  red  (10  XR  6/3,  5  XR 
4/7  dry),  and  (7*5  XR  5A,  4/4  Jaoist);  day; 
aany  fine  distinct  aottloe;  nassivo  structure; 
firm,  extrenely  hard;  non-calcareous. 
Topography  -  Hearly  level  to  rolling  relief  on  eroded  uplands. 
Drainage  and  Peraeabllityt-Woll  drained;  run-off  nodiuaj  peraeability 

Boderately  alow, 
ifotive  Vegetations-  Biueotcsa  prairie  consisting  of  little  bluestea, 
big  bluostesa;  indiangrass,  svitchgraes  and  sideoats 


Uset-        Highly  productiira  soils  when  cultiv&tod  occur  in  30-32" 
rainfall  bolt  in  Kansas.  They  are  well  adapted  to  wheat, 
alfalfa,  oats,  grain,  scrghun  and  corn. 

Distribution!-  Mortheentral  and  northeastern  Kansas  and  adjacent  parts 
of  Nebraska.  Greatest  extent  along  the  Kansas  River 
and  its  tributaries. 

Sarpy  Soil  Series  * 

This  is  a  light  colored,  coarse  textured,  uell  drained,  neutral  to 
calcareous  alluvial  soil  of  the  Republican  and  Kansas  River  Valleys.  It 
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It  sandy  throughout  the  profile.  Its  surface  color  ie  grayish  brovn  and 
the  subsoil  is  pale  brovn, 

I,ooation»-Ons  hundred  fifty  feet  east  and  50  feet  north  of  west  quarter 
corner,  sac,  IB,  T3JLS,  R5E.  Cultivated,  two  percent  undulating 

cl::po. 

Al  0-20*  Grayish  brown  (10  XR  5A«5  dry),  to  dark  grayish 
brown  (10  YR  4/2,  noiat)j  loamy  fino  sand)  massive 
structure;  soft,  very  friable;  calcareous;  gradual 
boundary;  10  *  0  20*  thick, 
C  20-60"  Pale  brown  (10  ¥R  6/3  dry)  to  grayish  brown  (10 
IR  5/2  moist);  loamy  fine  sand;  single  grain 
structure;  soft,  very  friable;  non-calcareous. 
Permeability  is  vary  rapid.  Run-off  is  low,  water  table  is  within  8 
feet  of  the  surface.  This  soil  is  subject  to  periodic  flooding.  Fertility 
is  moderate,  crops  grown  are  wheat,  sorghum,  alfalfa,  corn  and  oots. 

Collection  and  Preparation  of  Samples 

Three  soil  series  were  sampled  for  fertility  investigation.  The  soils 
and  thoir  location  are. 

:.-.:i  .:/■*  Location 

1.  Ladysraith  silty  clay  loan    Northeast  corner;  section  33,  township 

12  south,  range  8  east,  Geary  Co., 


2,  Geary  clay  losm  Agronomy  Turn,  9  feet  south,  9  feet 
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east  of  southwest  cornor  of  weather 
instrument  area.  Bast  one-half , 
section  1,  tovacMp  10  south,  rang* 
17  oust,   Riley  Co.,  Kansas. 
3*  Sarpy  fine  sandy  loan      Ashland  Agronomy  F;.rn.  Northwest 

quarter  of  the  northeast  quarter, 
ssotion  3lt   township  10  south,  range 
7  east,  Riley  Co.,  Kansas* 
Three  samples  were  collected  from  each  sell  representing  A,  8  and  C 
horizons* 

Collected  samples  vers  driod  under  shade  for  a  week*  This  air-dry 
•ample  of  each  soil  was  ground  by  noons  of  a  manually  operated  grinder  and 
sieved  through  two  mesh  screens*  Thus  obtained  material,  "fine  earth0,  was 
used  for  all  these  investigations* 

Mechanical  Analysis 

llMhsnl  onl  analysis  was  node  according  to  the  method  of  Bouyoueos  (2) 
and  (19).  Fifty  g.  of  oven-dry  coil  were  added  to  the  dispersing  eup  and 
the  cup  was  filled  with  distilled  water  within  2  inches  of  the  top.  Five 
ml.  of  normal  solution  of  sodium  hssametapbosphete  wart  added  and  the  soil 
allowed  to  soak.  The  cup  was  then  connected  to  the  stirring  motor  and  the 
following  timings  vera  given  t 

Lsdyrnith  soil  sumples  -  15  minutes 
Geary  soil  samples  -  15  ninutos 
Sarpy  soil  samples    -  10  minutes. 
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After  the  specified  period,  the  contents  of  the  cup  were  poured  into 
the  special  cylinder  and  filled  to  the  lover  nark,  keeping  the  hydrometer 
in  it*  Contents  vere  once  again  nixed  and  stirred  and  kept  on  the  table. 
Immediately  the  time  was  noted,  Jfydroaeter  readings  were  taken  after  each 
specified  time*  Readings  of  hydrometer  were  taken  each  at  toe  end  of  40 
seconds,  four  minutes  and  two  hours. 

For  A&erican  systems  —  40  seconds  and  two  hours* 

For  International  systeas  —  4  minutes  and  two  hours* 
At  the  tine  of  taking  hydrometer  reading,  the  temperature  of  the  suspension 
was  noted*  A  correction  factor  of  0*2  graduation  on  hydroacter  was  used 
for  each  degree  above  67°F*  For  the  U.  S*  Department  of  Agriculture 
particlo  classification,  the  corrected  hydrometer  readings  at  the  end  of  40 
seconds  is  divided  by  the  amount  of  absolute  dry  soil  taken  and  multiplied 
by  100*  This  shows  the  percentage  of  material  still  in  suspension  and 
represents  all  the  sand  in  the  soil  2*0  mm  to  0.05  mm*  The  corrected 
fcpftroaeter  reading  is  also  divided  by  the  weight  of  the  soil  token  and 
Multiplied  by  100.  This  gives  the  percentage  clay  (  m  .002  ma)*  The  silt 
fraction  (0*05  mm  to  0*002  mm)  is  obtained  by  difference,  1*  e*  by  subtracting 
the  combined  percentages  of  sand  and  clay  from  100. 

Calculations  for  International  system  were  made  on  toe  similar  basis* 

water  Saturation  Percent 

Five  hundred  g,  of  air-dry  soil  ware  weighed  and  wetted  with  distilled 
water  while  stirring  with  spatula*  water  was  added  In  quantities  of  5  ml* 
at  a  time  and  finally  the  paste  was  mixed  thoroughly  for  about  five  minutes 
with  the  help  of  a  planetary  type  power  driven  mixer*  The  total  quantity 
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of  ittter  added  we  noted  for  calculation  of  eaturation  percentage  (H). 
Hater  was  added  until  the  pasts  developed  a  glistening  surface  and  became 
a  thin  paste  which  just  flowed  and  dripped  easily  dovaa  the  spatula* 

After  tee  specified  period  of  fife  minutes,  the  paste  was  removed  from 
the  planetary  mixer  and  transferred  in  the  Buechner  funnel  after  covering 
the  porous  surface  vith  filter  paper.  The  Buechner  funnel  along  with  the 
suction  flask  was  fixed  to  air  evacuator  and  the  liquid  was  collected  up 
to  about  25  al»  and  removed  for  the  determination  of  water  soluble  cations. 
The  calculation  of  the  water  eaturation  percent  was  as  follows 1 

Saturation  percent  s   weight  of  %0  edded.   _  1Q0 

**  a  •o11  weight  of  air  dry  soil 

The  data  obtained  are  shown  on  page  25 .  Twenty-five  ml,  extract  obtained 
from  this  process  were  made  to  100  ml.  and  used  for  the  determination  of 
water  soluble  cations. 

Organic  Matter  Content 

This  component  was  determined  by  Welkley'e  chromic  acid  method  as 
by  Jackson  (13)  and  as  outlined  belowt 
gentgi-  1)  IB  Potassium  dichromate  -  prepared  by  dissolving  49.04  g. 
of  reagent  grade  K2C*2°7  in  water  aad  ****  to  ono  liter. 

2)  0.58  FeSO^  -  HO  g.  of  reagent  grade  FeflO^  .  7H20  added, 
cooled  and  made  to  one  liter  and  standarised  against  IB  Potassium  dichromate. 
3}  HgSO,  not  less  than  96  percent  pure. 
A)  H3PO4  85  percent  pure.  tf.  s.  P.  grade. 


Procedure t-  Five-tenths  g.  of  soil  was  weighed  and  transferred  into 
500  ml.  erleamayor  flask.  Ten  ml.  of  Is  %zGr20y  were  added,  directing  the 
stream  into  the  solution.  Mixed  gently,  shaking  by  hand  for  one  minute  and 
left  to  stand  for  about  30  minutes.  Two  hundred  ml.  of  distilled  water, 
10  ml.  of  H3PC4  and  0.2  g.  of  ITaF  were  added  to  each  flask.  Bade  titration 
was  carried  on  against  0.5N  Ferrous  sulfate  in  the  presence  of  0.5  ml. 
indicator— diphenyl  amine.  laA  point  was  the  sudden  appearance  of  bright 
green  color.  A  blank  was  treated  simultaneously. 

(jalculati on t-Percont  organic  matter  •  10  (1~§)  x  1.34.  Where  S  t 
Beading  of  standardisation  blank.  T  »  Sample  titration  reading. 

pH  Determination 

This  measurement  wus  made  in  a  lil  soil  to  water  paste  as  outlined  by 
Jackeon  (13)* 

Twenty  g.  of  air  dried  soil  were  placed  in  a  50  ml.  beaker.  Twenty 
ml.  of  distilled  water  were  added  and  well  mixed  at  a  regular  intervals  of 
10  minutes  for  one  hour  and  the  pH  was  measured  vith  tee  glass  electrode  on 
Beckman's  pH  meter.  The  paste  was  well  stirred  just  before  taking  the  pB 
readings. 

Water  Soluble  Cations 

The  extract  from  the  determination  of  the  water  saturation  percentage 
was  made  to  100  ml.  volume  and  the  cations  were  determined  by  use  of  the 
flame  spectrophotometer. 
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6   Cations 

These  were  determined  by  un  of  the  eentrifuguge  and  flame  spectro- 
photometer as  outlined  by  several  workers,  (5,  6,  13,  25  and  30). 

proeadurat-  Two  g.  of  air-dry  soil  were  placed  In  a  100  sal.  contrifuge 
tube.  Soil  uu  suspended  in  50-60  ml  In  anmoniiaa  acetate.  Mechanioal 
stirrer  was  used  for  well  mixing  and  dispersing.  Treated  sample  was 
eontrifuged  at  2500  rpm.  for  10  minutes  and  supernatant  liquid  was  Bared, 
this  whole  process  was  repeated  four  additional  times  and  the  supernatant 
liquid  was  saved  at  the  mid  of  each  oentrlfugation.  The  whole  solution  was 
evaporated  to  dryness  over  a  drying  pan.  The  left  over  residue  was  re- 
dissolved  in  IN  selenium  acetate  and  made  up  to  50  ml,  volume. 

Stale  readings  for  tho  cations  were  read  en  the  Packman  0.  0.  spectre- 
photometer  and  the  concentration  of  each  cation  in  solution  was  obtained 
by  raferenoo  to  a  standard  curve  made  from  standard  solutions  which  were 
treated  in  the  same  Manner  as  were  the  samples. 

Cation  exchange  Capacity  of  Soils 

These  determinations  were  made  according  to  the  methods  of  Jackson 
(13),  and  Rogers  (27). 

Procedure*-  Two  g.  of  air-dry  soil  were  placed  in  100  ml.  centrifuge 
tube.  Soil  was  suspended  in  50  ml.  of  IN  CaCl2  *W  means  of  mixer  and  cen- 
trifuged  at  the  rate  of  2500  rpia.  for  10  minutes.  The  supernatant  liquid 
was  discarded.  Soil  was  reeucpendod  in  50  ml,  of  IN,  calcium  acetate, 
eontrifuged  and  supernatant  liquid  discarded.  Again  It  was  resuspended  in 
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15  calcium  acetate  end  suparoated  liquid  was  discarded,  than  soil  was  re- 
suspended  in  50  al.  of  15  CaClg  mixed,  centrifuged  and  supernatant  liquid 
discarded.  Than  tlio  soil  was  suspended  in  ethyl  ulcohol,  mixed,  ejentrifuged 
and  supernatant  liquid  discarded.  It  was  dons  twicw  and  then  the  soil  was 
suspended  in  absolute  methyl  alcohol,  mixed  and  centrifuged  as  many  times 
as  were  necessary  for  the  removal  of  chloride  (no  test  with  AgRG^).  finally 
the  ample  vas  suspended  in  Iff  ammonium  acetate,  centrifuged  and  eupernated 
liquid  urns  saved.  This  was  done  five  tines*  The  final  volume  made  up  to 
250  al.  for  spectrophotoaotrlc  analysis. 

Ostion  Exchange  Capacity  after  oxidation  of  organic  Matter 

The  method  for  determining  the  cation  exchange  capacity  is  described 
on  page  14.  The  same  method  was  followed  after  oxidation  of  organic  matter. 
The  latter  woe  done  by  the  EjjOa  method  of  Jackson  (13)  and  Is  briefly  mentioned 


Two  g.  of  soil  were  transferred  into  a  250  ml.  beaker  with  10  ml*  of 
HjgO*  Five  ml.  of  H2O2  vera  added.  The  beaker  was  covered  with  a  watch  glass* 
The  sample  was  heated  gradually  and  when  reaction  was  quiet  another  5  ml. 
of  30  percent  H2O2  vera  added.  This  was  done  until  frothing  was  stopped 
and  finally  10  ml.  of  H2Q2  vera  added  und  heated  until  the  entire  liquid  was 
reduced  to  about  5  al*  The  beakers  were  removed  from  the  evaporating  pan 
and  the  centrifugal  procedure  carried  out* 

X-Ray  Diffraction  of  days 

flay  Fractionlnfi*  Procedures  Jackson  (12) 
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1.  Twenty  g.  of  heavy  soils  and  40  g.  of  light  soils  ware  used. 

2.  Romoval  of  CeCO-  was  dons  by  beating  with  .003  £  I1CL  (pH*  3) . 

3.  Organic  natter  was  removed  by  HgOa  method-two  5  ml*  portions  and 
one  10  ml.  portion  was  heated. 

4*  Removal  of  free  iron  oxides. 
40  ml.  -  0,3  g  HSHO3 
5  ml.  -  1.0  g  MaflCOj 

Heated  to  B0°C  and  1  g.  of  Na2S2%  addod  "^  a*4****1  for  1  minute. 

Heated  for  15  minutes,  10  sal.  of  saturated  Had  were  added,  mixed 

by  means  of  stirrer  and  centrifuged  at  2200  rpm.  for  10  minutes. 
5.  Boilad  gently  in  2  percent  Sa^OO^. 
5.  Centrifuged  at  750  rpm.  for  3  minutes,  washed  3  times  with  SajCO^ 

and  twice  with  HgO  and  thus  sand  and  silt  were  separated. 
7.  Separation  of  2  micron  to  .2  micron  fraction,  centrifuging  was  done 

at  the  rate  of  25,000  rpm.  and  415  ml.  per  minute. 
8*  Separation  of  .2  micron  —  .03  micron  fraction,  centrifuging  at 

25,000  rpm.  at  55  ml.  per  minute. 
9»  Separation  of  ^/.OS  micron  fraction  of  clay  -  Filtrate  obtained 

from  eighth  step  was  flocculated  with  saturated  solution  of  Nad 

and  flocculated  material  was  separated  by  ordinary  centrifuging  at 

2000  rpm.  for  10  minutes. 
preparation  of  Samples  for  Random  Powder  Diffraction*  procedure  1- 
Jackson  (12). 

1.  Pretreatraeat  m  Aliquot  containing  about  50  mg.  was  placed  in  150 
ml.  beaker.  Fifty  ml.  of  tta-aeetate~H  0  A  C  (p&*5)   were  added  and  boiled 
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gently  for  five  minutes. 

2.  Calcium  saturation!-  Aliquot  containing  50  ag.  was  flocculated  with 
lg  Cad2  f  throa  ml.  of  10  £  ObOU  and  centrlfugetion  was  dona  at  the  rate 
of  2000  rpa.  Finally  sables  were  washed  with  tho  following  solutions! 
once  with  2£  CaClo 
twice  with  Ig  Ca(CH3C0O)2,  pH«7.7 
once  with  2£  Cad2 
onca  with  50  percent  xaethanol 
ones  with  95  percaut  methanol 
twice  with  acetone  to  removo  chlorides. 
3*  Glyoarol  Solvation t*  Material  was  washed  with  the  following  reagents :- 
1.  twice  with  bonseno-ethanol  (10  to  1  by  volaae),  three  times  with 
henbane.  ethsTiol^glycerol  (1000i100i4.5  by  volume),  ones  with  10 
ml.  bensene-ethanol  (200 »1  volume)  and  finally  the  fractions 
were  suspended  in  bensene  and  allowed  to  dry  in  large  watch  glasses. 

When  the  samples  were  dry,  they  were  removed  by  scraping, 
gently  crushed  and  finally  capillaries  were  filled  with  clay  for 
X-ray  diffraction. 

X-ray  diffraction  was  carried  out  for  the  following  ranges 
of  fractions  in  each  sample. 

ranges  -  2/u  -  0.2/u. 
0.2/u  -  0.08/u 
and^.QS/u. 
The  d  or  basal  spacings  were  calculated  against  cobalt  target,  the 
data  are  presented  in  the  later  pages. 
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ftjentif  ioaj*  ™   ^  fflfy  KlilMTflf1-  After  the  sample*  vera  prepared  and 
X-ray  diffraction  patters*  were  made,  identification  of  clay  minerals  ma 
accomplished,  Thesa  identifications  vera  made  in  accordance  with  the 
methods  proposed  by  various  investigators  (3,  4f  10*  11,  12,  20,  28  and 
32), 


t 

19 

• 

IfAL  SEHJLTS 

Table  1*  Mechanical  analyseE  *  (a)  l$rdrateter  and  corresponding  teaperature 

i 

1  40  seconds 

• 

I 

t   4  ainutes, 

t 

»     2 

hours 

Soil  series 

ml 
horison 

1  Hydro-  f  aap. 
I  meter  t  °F 
t  readlngi 

t  Hydro-  tTeop. 
t  aioter  t  °F 
t  readlngi 

I 

t  Hydro- 
i  meter 
$  reading 

10.0 

t 

84.4 

Lady smith  A 

35.0 

87.8 

24.0 

87.8 

Ladysoith  8 

40,0 

87.6 

33.0 

87.4 

21.0 

84.4 

Ladysnith  c 

40.0 

37.8 

31.0 

87.4 

18.0 

$4.0 

Geary  A 

34.0 

87.0 

24.0 

86,6 

10.0 

8J.4 

Geary  e 

40.0 

86.4 

30.0 

37.0 

17.0 

83.4 

Geary  C 

37.0 

86.6 

26.0 

86.4 

16.0 

83.2 

Sarpy  A 

16.0 

85.8 

3.0 

85.6 

0.5 

82.8 

Sarpy  Ci 

15.0 

36.3 

2.0 

85.8 

0.0 

83.0 

Sarpy  Cj 

21.0 

85.2 

3.5 

85.0 

0.0 

83.0 

• 
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Table  2.    Mechanical  analyses 

m  (b)  corrected  hydrometer  readings. 

t 

Soil  aeries    i 

and            t 

horlson          i 

t 

« 
i 

2  hours 

40  seconds 

I 

t 
t 

4  slttutee 

lady  and  th  A 

39.16 

28.16 

13.43 

Ledyaaitfa  B 

44.12 

37.04 

24*48 

Ladysaith  C 

44.16 

35.08 

21.40 

Geary  A 

38.00 

27.92 

13*28 

Geary  B 

43.88 

34*00 

20.28 

Geary  C 

40.92 

29.8)1 

19.24 

Sarpy  A 

19.76 

6.72 

4.06 

Sarpy  Cx 

18.86 

5.76 

3.20 

Sarpy  Cj 

24.64 

7,10 

. 

3.20 
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Table  4.     Distribution  of  various  clay  fractions. 


t      t 

Soil  series  t Weight  t  Total 
and    t   of  \     clay 
horiaon   t  sample  t  /.002aa 
t      t   (*) 


Distribution  of  total 


cluy   « 


Coarse  clay    VMsdlun  clay  tHneelay 

2.  -  .2*     »     0*2  -  .08  »x  %  S  ,08/1 

(%)  r     i  (30    r  t        (*T 


Lady  smith  A 

20  g. 

26.96 

78.5 

16.53 

4.97 

Ladysmlth  B 

20  g. 

48.96 

93.7 

5.-4 

0.90 

Ladysmith  C 

20  g. 

42.80 

91.0 

7.4 

1.6 

Qeary  A 

20  g. 

26,56 

90.3 

7.5 

2.2 

Geary  B 

20  g. 

40.56 

86.8 

8.9 

4.3 

Geary  C 

20  g. 

38.48 

86.7 

12.4 

0.9 

S«WA 

40  g. 

8.12 

80.0 

15.0 

5.0 

Sarpy  \ 

40  g. 

6.4 

83.5 

13.8 

2.7 

Sarpy  C2 

40  g. 

6.4 

85.5 

12.8 

1.7 
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Table  5.  Organic  Matter  content  of  soils. 


Soil  series 
and 
horiaon 

i    in 
I   inches 

5 

t        i 

t  Sample  i 
t  weight  t 
t        t 

Titer  value, 
(«1.) 

t 

t   Organic  Matter 

i      (*) 
t 

Ladyaaith  A 

0-8 

0.5 

14.85 

4.1 

Ladysoith  B 

18-24 

0.5 

19.10 

1.54 

Ladysnith  c 

50-60 

0.5 

20.50 

0.67 

Geary  A 

0-6 

0.5 

15.50 

3.75 

Geary  8 

18-24 

0.5 

18.80 

1.74 

Geary  C 

50-60 

0.5 

20.00 

0.978 

Sarpy  A 

0-4 

0,5 

19.60 

1.206 

Sarpy  Ci 

18-24 

0.5 

20.15 

0.938 

Sarpy  Cg 

50-60 

0.5 

20,50 

0.67 

fitffe 


21.60 


0.0 
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Table  £•.  Water  eatur&tion  percentages  of  soils. 


Soil  soriee  %  Weight  ofcir    t Volume  of  diet   »    Saturation 

and  horiaon   $    dry  eoll  2ran.  (g.)  1H2O  added  (ad.)  t      (%) 


I*tdyamith  A 

500 

Ladyamith  B 

500 

Ladyeaitn  C 

400 

Geary  A 

500 

Geary  B 

500 

Geary  C 

500 

Sarpy  A 

500 

Sarpy  Ox 

500 

Sarpy  (^ 

500 

225  45.0 

235  67.0 

235  58.7 

205  41.0 

235  47.0 

225  45.0 

165  33.0 

160  32.0 

170  34.0 


Table  7.    Measured  pH  mLues  for  aolla. 
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Soil  eerieB        \ 
and  horizon        i 

(         Fariple                 : 
(        vei#xt,(g}        t 

H2O  added, 
(*1.) 

t        pH  notod  at 
t                25°C 

Ladyaraith  A 

20 

20 

5.6 

LadyoatthB 

20 

20 

7.2 

Lftdymitli  C 

20 

20 

8.2 

Geary  A 

20 

20 

5.7 

Geary  B 

20 

20 

5.2 

Geary  C 

20 

* 

6.A 

Sarpy  A 

20 

20 

8.0 

Sarpy  Cx 

20 

20 

8.0 

Sarpy  (£ 

20 

2D 

8.0 

Table  8.  Water  soluble  cation  contents  of  soils. 


Soil  series 

t 

Cftf4 

*— 

raw 

5 
tppBUl 

St 

ae./lOOg, 

t 

Ka4 

and  horizon 

ippa. 

tne./lOOg. 

ippa 

,t»e,/lQ0n. 

,*ppa.i  me./lOOg. 

Ladysmith  A 

0 

• 

0 

i 

0.8 

0.00041 

4.65 

0.004 

Ladysralth  B 

9 

0 

0 

• 

0.5 

0.00025 

10.52 

0.009 

Udysmlth  C 

0 

0 

0 

0 

1.0 

0.0006 

13.15 

o.ou 

Geary  A 

1.5 

0.0075  0 

0 

6.12 

0.0031 

1.1 

0.0009 

Geary  B 

0 

0 

0 

0 

1.25 

0.00064 

M 

0.0009 

Geary  C 

0 

0 

0 

0 

0.75 

0.00038 

.76 

0.0006 

Sarpy  A 

0 

0 

0 

0 

3.25 

0.00166 

.45 

0.0004 

Sarpy  C^ 

0.5 

0.0025  0 

t 

1.5 

0.00076 

.26 

0.00023 

Sarpy  C2 

0 

0 

• 

0 

0 

9.75 

0.00038 

1.0 

0.0008 
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Table  9.  Exchangeable  ealciua  content  of  soils 


f 

Saiaple 
Weight 

(g.) 

t    Final        i 

r    volume       i 
:       (ad.) 

i      Beokoan 
t      reading 

>        Cai* 

content 

Soil  series       j 

end  horizon      t 

t 

i 

jppm. 
$ 

t 

t 

i 
i 

I 
* 

&©,/lo6g» 

Ladysaith  A 

2 

250 

35.0 

20.5 

12.8 

Ladysndth  B 

2 

250 

51.6 

38.5 

24.0 

Ladysaith  C 

2 

250 

62.0 

50.0 

31.25 

Geary  a 

2 

250 

42.0 

27.5 

17.18 

Geary  B 

2 

250 

41.5 

27.0 

16.87 

Geary  C 

2 

250 

41.0 

26.0 

16.25 

Sarpy  A 

2 

250 

4B.0 

34.25 

■M 

Sarpy  C^ 

2 

250 

50.0 

36.5 

22.8 

Sarpy  &j 

2 

250 

47.0 

33.0 

20.6 

M 


Table  10.  Exchangeable  aagnaaiw*  content  of  soils. 


Soil  sariee 
and  horlaon 

,    Sample  i 
i   Weight  i 

!  UN 
volume 
(nl.)  i 

Eockaan 

BK44 

content 

»P!».   t 
1      t 

ae./lOOg. 

Ladyaaith  A 

2 

250 

69.0 

1.25 

1.3 

tadyasrith  B 

2 

250 

75.0 

7.5 

7.8 

Ladysmith  C 

2 

250 

75.0 

7.5 

7.» 

Geary  A 

2 

50 

85.0 

21.0 

4.4 

Geary  B 

2 

250 

78.0 

10.02 

10.A 

Geary  C 

2 

50 

90.0 

27.5 

5.7 

Sarpy  A 

i 

50 

69.0 

0.0 

0.0 

Sarpy  Oj. 

t 

50 

70.0 

1.5 

0.31 

Sarpy  Cg 

t 

50 

68.0 

A.0 

0.&3 
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Table  11.  Exchangeable  potassitsa  content  of  Bolls. 


Soil  series 
and  horizon 

i   Sample 

i   weight 

(g.) 

t  Final 

»  volume   : 

«    (ol.)  1 

Bookman 

I 

tppta. 
t 

i 

content 

maAOOg. 

Ladyenith  A 

2 

250 

19.5 

4*1 

1.3 

Ladyemltfa  B 

2 

250 

25.0 

5.5 

1.76 

Ladysnlth  C 

2 

250 

27.6 

6.25 

2.0 

Geary  A 

2 

250 

40.0 

9.5 

3.04 

Geary  B 

2 

250 

30.2 

7.05 

2.25 

Geary  C 

2 

250 

29.0 

6.52 

2.03 

Sarpy  A 

2 

250 

27.0 

6.12 

1.95 

Sarpy  C^ 

2 

250 

21.5 

4.52 

1.45 

Sarpy  c2 

2 

250 

15.6 

3.15 

1.00 
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Table  12.  Exchangeable  sodiun  content  of  soils. 


Soil  ceriee 

t     5<*aple 
j     weight 

t     Final 
%    volume 
t     (al.) 

1     itjnw 

i      reading 

t      3a* 

content  of  eolle 

and  horizon 

ippw 
1 

t          TlQ./lOOg. 

1 

Ladyanith  A 

2 

250 

19,2 

1.05 

0.57 

LedysDith  B 

2 

250 

63.3 

5.4 

2.90 

Ladymith  C 

2 

250 

69.0 

6.05 

3*28 

Ge&ry  A 

2 

250 

9.0 

0.26 

in 

Geary  B 

2 

250 

13.0 

0.60 

0.32 

Geary  C 

* 

250 

16.0 

0.75 

0.40 

Sarpy  A 

2 

250 

3.0 

0.25 

0.13 

Sarpy  C^ 

I 

250 

9.0 

0.26 

Q.U 

Sarpy  C2 

2 

250 

U.0 

0.65 

0.35 
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Tahlo  13.     Cation 


eapacltles  of  soils  befora  epddation 
of  organic  matter. 


Soil  sories 
and  horizon 

t    Sample 

«        <£.) 

:    Final        i 

2      VolUBJS         t 

t     fai.)     f 

reading 

«.,  opacity 

»           ae.AOOg. 

Ladyanith  A 

2 

29) 

60.0 

29.69 

Ladysadth  B 

2 

250 

80.6 

45.00 

i*dy«ith  c 

2 

250 

85.0 

48.70 

2 

250 

56.0 

26.88 

Geary  8 

2 

250 

61.0 

30.31 

QM07  C 

2 

250 

58.0 

28.12 

mm* 

2 

250 

34.0 

25.47 

Sarpy  CL 

2 

250 

56.0 

26.88 

Sarpy  C2 

2 

250 

50.0 

22.80 
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Table  14.  guonary  of  exchangeable  eations  and  cation  exchange 
capacities  of  the  soils. 


f        ■  _..c  u. . ;  reable  cations,  i»./LOGk, 

t 

Cation 

Soil  series 
end  horison 

i     Oaff 

i 

I 

» 

f 

t 
t 

K+       : 

f 
t 

1 
1 

i 
i 

exchange 

capacity, 

ne.AOOg. 

L&dyanith  A 

12.S 

1.3 

1.3 

0.57 

13.72 

29.69 

Ladyanith  B 

24.0 

7.8 

1.76 

2.9 

8.54 

A5.0 

ladysmith  C 

51.25 

7.8 

2.00 

3.28 

4.37 

48.7 

Geary  A 

17.18 

4.4 

3.04 

0.14 

2.12 

26.88 

HMV  1 

16.87 

10.4 

2,25 

0.32 

0.47 

30.31 

Geary  C 

16.25 

5.7 

2.08 

0.40 

3.69 

28.12 

Sarpy  A 

21.4 

0.0 

1.95 

0.13 

1.99 

25.47 

Sarpy  G^ 

22.8 

0.31 

1.45 

0.U 

2.18 

26.88 

Sarpy  Oj 

20.6 

0.83 

1.00 

0.35 

0.02 

22.8 

• 
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Table  15. 

Calculated  pereentagee  of  bane  » titration. 

Soil  eorioe 
and  horlaon 

LadymlthA 

t       Total  exchangeable 

1       C**$  Ifc^irJ  Ha* 
t          (ce./lOOg.) 

$    ftxehange  tBaee 
l     capacity  1 saturation 
t(Bo„£00g.)  1     (%) 
1                     > 

1  pBS 
1    25°C 
I 
t 

15,97 

29.69 

53,8 

5.6 

lAdytsaith  B 

36,46 

45.00 

&.0 

7.2 

Ladyaalth  C 

44.33 

48.70 

91.0 

M 

Geary  A 

24.76 

26.88 

92.0 

5.7 

Geary  B 

29.84 

30.31 

98.4 

5.2 

Geary  C 

24.-43 

28.12 

«7*3 

6*4 

Sarpy  A 

23.48 

25.4.7 

92.2 

3.0 

Sarpy  (^ 

24.39 

26.38 

90.7 

8.0 

Sarpy  C2 

22*31 

22.80 

98.0 

8.0 

, 
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Table  16. 

Quantities  of  exchangeable  cations  in 
pounds  per  acre* 

Soil  series        : 
and  horiaon         $ 

-rve;>an;*e*blG  cr.tions, 

rounds  rer 

acre 

C&44 

MB»          I 

n       i 

VM 

I*dys»ith  A 

5,120 

312 

10U 

262 

Ladyeaith  B 

9,600 

1870 

1372 

1330 

Ladyouith.  c 

12,500 

1870 

1560 

1510 

ATW|t 

9,076 

1350 

1315 

1034 

Cowry  A 

6,870 

1080 

2376 

64.5 

Geary  B 

6,750 

2500 

1755 

147 

Geary  G 

6,500 

1370 

1620 

184 

Average 

0,673 

1650 

1917 

132 

Sarpy  A 

8,500 

0,0 

1520 

59.8 

S&rpy  Ci 

9,120 

77.A 

1130 

64.5 

Sarpy  % 

8,250 

199.0 

M 

161 

Average 

8,64C 

92.1 

1143 

95.1 

If 


Ta&L©  17.  proportion  of  total  exchange  capacity  occupied  by  v&rloua 

eationa. 


BOAA     Wfitfc 

t 

F*EM.*Ct?OC/     6»      #     * 

t&nge  cuDfccity 

cwid  heriaon 

t    qEII 

j    MtH        ? 

D 

1      H*4        : 

1      IH 

Ladyntdtb  A 

43.16 

4.38 

4.38 

1.93 

46.21 

Wdysoith  B 

53.3 

17.35 

3.90 

6.45 

19.0 

Ladysaitfa  C 

64.2 

16.02 

4.10 

6.75 

8.93 

feWMp 

53.5 

12.8 

4.1 

5.0 

24.7 

Geary  A 

64.0 

16.3 

11.7 

0.52 

7.4S 

Geary  B 

56.0 

34.0 

7.5 

1.04 

1.56 

Geary  C 

fM 

20.3 

7.3 

1.40 

13.20 

Average 

59.2 

23.5 

8.8 

.98 

7.4 

Sarpy  A 

34.2 

0.0 

7.5 

0.5 

7.S 

»•*$*  c^ 

84.8 

1.2 

5.4 

0.5 

8.1 

Sarpy  C2 

90.0 

3.6 

4.4 

1.2 

0.8 

mmufi 

86.3 

. 

5.7 

.73 

5.6 
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Tahlo  18.  Cation  exchange  capacity  (after  oxidation  of  organic  matter  ) 

of  mineral  portion  of  eoils. 


Soil  series 
and  horizon 

i     Sample 

j     weight 

t       ;. .) 

t     Final 
-•olume 

nod-sauii 
■>      reading 
i 

i  Cation  exchange 
t            cuTxicity 
i     nso./lOOg. 

Ladymith  A 

2 

250 

51.0 

23.4 

Ladyaaith  B 

2 

250 

72.6 

38.3 

Ladyatdth  C 

2 

250 

69.0 

36.2 

Geary  A 

2 

250 

50.0 

22.3 

Geary  B 

2 

250 

61.0 

30.03 

Qeary  C 

2 

250 

52.6 

24.0 

Sarpy  A 

2 

250 

-40.5 

19.7 

Sarpy  Cl 

t 

250 

W.U 

19.-7 

Sarpy  C^ 

2 

250 

40.2 

17.5 

» 

ft 

Tabic  19. 

Distribution  of  cation  exchange  capacity  between 
mineral  and  organic  aaterisls. 

t 

t 

t 

Soil  series  t 

and  horizon  t 

Total  cution 
exchange 
capacity, 
Mineral  4  organic 
me.AOOg. 

)  Cation  exchange  due 
t  to  ninoral  natter 

t                      ■    u  , 

t  Cation  exchange 
t  due  to  organic 
t    jejiifli 

t  Absolute  value 1 
t  mo.AoOg.     t  % 

J  %  1 

Absolute  value 
xae.AoOg. 

Udysnith  A 

29.7 

23.4 

79 

21 

6.3 

Ladyaraith  B 

45.0 

38.8 

86.2 

13.8 

6.2 

LadysBitfa  C 

48.7 

36.2 

74.3 

25.7 

12.5 

Average 

41.1 

32.8 

79.8 

20.2 

8.3 

Geary  A 

26.9 

22.8 

84.6 

15.4 

4.1 

Geary  B 

30.3 

30.0 

99.0 

1.0 

0.3 

Geary  c 

28.1 

24.0 

85.4 

14.6 

4a 

Average 

28.4 

25.6 

89.7 

10.3 

2.8 

Sarpy  A 

25.5 

16.3 

64.0 

36.0 

9.2 

Serpy  (^ 

26*9 

16.2 

60.4 

39.6 

10.7 

Sarpy  Cj 

22.8 

15.9 

68.0 

32.0 

6.9 

Avenge 

25.06 

16.1 

64.1 

35.9 

M 
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Table  29. 

Sujaaary  of  clay  minerals  in  various  soils. 

Soil  scries 
and  horizon 

t 

,           Clay  E&neral  present 

Ladysoith  A 

MWlbaorillonite,  Illita,  Kaolinite  and  Jtontmorillonite 

interstratified  vlth  Illite, 

lAdyscdth  B 

Montraorillonite,  Illite,  Kaolinite  and  Montnorillonite 

interstratified  with  Illite, 

Ladyoaith  0 

Monfeaorillonite,  Illite,  Kaoliaito  and  Jfontmorillonite 

interstratified  with  Illite, 

Geary  A 

Mootaarlllonito,  Illita,E&olinit©  and  I'sontaorillonite 

int«rst*atifi©d  with  Illito, 

Geary  B 

Monteorillonito,  Illite,  Kaolinite  and  Montmorillonite 

interstratified  with  IHito. 

Geary  C 

Montmorillonite,  Illite,  Kaolinite  and  Konteorillonite 

interstratified  with  Illito. 

Sarpy  A 

Montaorlllonlte,  Illite  and  Hcmtmorillonlto  interstra- 

tified with  Illite, 

Sarpy  Cj, 

Jterrtzacrillonita,  Illite,  Verrlculito  and  Kaolinite  and 

Montaorillonite  interstratified  with  Illite, 

Sarpy  Cg 

MonteoriHonita,  Illite,  Kaolinite,  Ver&iculite  and 

MBBfesorillonite  interstratified  with  Illito, 

m 


DISCT3SI0S 
Mechanical  Analysic 

It  is  a  known  fact  that  the  important  rhysieochemioal  phanoraena  In 
•oils  are  influenced  by  the  amount  of  surface  per  unit  of  soil  mass*  The 
tremendous  increase  in  surface  area  is  the  result  of  the  increased  sub- 
divisions of  tho  soil  separatee.  This  Thesis  deals  mainly  with  the  surface 
phenomena,  i.e.  cation  exchange,  in  which  surfaces  play  a  significant  part. 
In  order  to  understand  the  exchange  complex  in  different  soils,  we  need  to 
know  tho  major  components  of  the  soils,  their  nature  and  proportion.  Conse- 
quently much  emphasis  has  to  bo  laid  on  clay  content  und  its  type  or  species 
under  this  type  of  study. 

Soil  separates  by  their  presence  in  significant  quantities  characterise 
the  soil.  For  iast&nee,  sand  separatee  tend  to  function  as  individual 
particles.  The  dominance  of  this  fraction  characterises  the  soil  by  low 
cohesion,  low  plasticity  and  low  Hater  holding  capacity.  Such  soils  drain 
excessively,  warm  early  in  spring  and  are  generally  known  as  light  or  early 
or  warm  soils.  Sarpy  fine  sandy  loam  comes  under  this  eategory.  Sarpy 
fine  sandy  loam  contains  6-8  percent  clay,  31  to  42  percent  silt  and  50  to 
60  percent  sand. 

Soil  separates  in  Ladysmlth  soil  series  range  m  sand  11  to  21  percent, 
silt  39  to  51  percent  and  clay  27  to  49  percent.  Finer  fractions  of  silt 
and  clay  are  dominant.  The  B  horizon  shows  considerable  accumulation  of  day 
(49  percent).  Similar  is  tho  case  with  Geary  series,  except  that  the  clay 
content  is  slightly  less  ranging  26  to  40  percent*  Here  too,  B  horison  shows 
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accumulation  of  clay*  In  view  of  the  general  make-up  of  these  two  series 
it  may  be  stated  here  that  those  two  series  show  cohesion  and  adsorption  to 
a  marked  degree.  Air  and  water  movements  may  be  restricted.  Henee  these 
soils  can  bo  classes  as  •heavy',  'cold*  or  »late«.  yater  saturation  per- 
centage determined  in  these  soils,  supports  these  conclusions  markedly. 
Based  on  mechanical  analysis  and  following  the  TT.S.O.&.  system  of 
classification  these  soil  series  are  classified  into  different  texture! 

gpMpd 

Lady smith  series  -  A  horizon  (0-8"),  silty  clay  loam 
Ladysaith  serioe  -  B  horizon  (18-24"),  clay 
Ladysaith  series  -  C  horizon  (50-60«),  silty  clay 

Geary  series^,  horizon  (0-8"),  clay  loan 
Geary  eeriee-B  horizon  (18-24"),  silty  clay 
Geary  seriee-C  horizon  (50-60"),  silty  clay  loam 

Sarpy  series  -  A  horizon  (0-4"),  fine  sandy  lota 
Sarpy  series  -  C^  horizon  (18-24*),  fine  sandy  loam 
Sarpy  series  -  {^  horizon  (50-60"),  fine  sandy  loam 

Water  Holding  Capacity 

water  saturation  percent  may  be  taken  as  an  estimation  for  this  value. 
Ladysaith  silty  clay  loam  had  a  water  saturation  of  45  percent.  Ladysaith 
Clay  (B)  had  a  value  as  high  as  67  percent.  Ladysmith  silty  clay  (c)  had  50 
n  percent  of  water  saturation. 

water  saturation  in  Geary  clay  loam  (A  horizon)  was  41  percent,  in 
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Geary  silty  day  47  percent  end  In  Geary  silty  clcy  loan  it  was  45  percent. 
These  three  horizons  were  quit©  uniform  in  this  respect, 

Serpy  series  gave  these  values  as— Sarpy  fine  sandy  loss  (A  horison}, 
33  p»rcent,in  0^  horison,  fine  sandy  losm  showed  32  percont  water  holding 
capacity,  and  in  Cg  fine  sandy  leas  analysed  34  percont.  Those  values  ere 
quite  uniform  since  the  testure  is  the 


Organic  Matter  Content 

Miller  (24)  gave  the  organic  natter  content  of  ease  of  the  Kansas  soils. 
According  to  him,  18  silt  loams  of  Faetern  Kansas  contained  4.54  percont  of 
organic  matter  and  11  clay  loams  of  western  Kansas  contained  3*83  percent 
of  organic  matter.  Ladysmtth  series  —  in  1  horison  which  is  silty  clay 
loss  analysed  4.1  percent  organic  matter,  m  B  horison,  day  soil  type 
showed  1.54  porcont  and  in  C  horison,  silty  clay  showed  0.67  percent  of 
organic  matter. 

in  Geary  series  the  organic  matter  content  was  as  follows $  In  A 
horison,  Geary  clay  loam  contained  3.75  percent  organic  matter,  In  B  horison 
Geary  silty  clay  contained  1.74  percent,  while  in  C  horizon  Geary  silty  clay 
lam  had  0.6  percent  of  organic  matter. 

Sarpy  series  was  comparatively  low  in  organic  matter.  It  might  bo  due 
to  its  being  under  cultivation. 

The  Sarpy  profile,  emposed  of  fine  sandy  loam  throughout,  had  organic 
matter  contents  of  1.2  percent,  0.94  percent  and  0.7  percent  respectively, 
in  the  A,  Cj.  and  C2  horison. 

Orguiic  matter  on  decomposition  yields  humus  which  has  a  valuable 
properly  of  adsorbing  nutrient  cations  and  releasing  them  for  plant  use. 
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This  property  of  cation  exchange  la  soils  has  bora  ascribed  to  (ft)  the 
oarboxyl  groups,  (b)  phenol  hydroxy  {groups  ami  (o)  nitrogen  free 
and  the  protein  linkage  of  the  ligno-proteinatoft* 

Barshad  (1)  has  reported  th©  extent  of  cation  exchange  capacity  due 
to  organic  setter  from  the  olnirjum  of  M  percent  to  the  naxiuRsa  of  40, 
60  or  even  80  percent,  depending  upon  the  organic  natter  content  and  Its 
state  of  decomposition* 

m  Ladysnith  soil  3sries  cation  exchange  capacity  due  to  humus  varied 
freo  13.8  percent  to  25.7  percent  of  the  total  exchange  capacity  (Table 
19),  m  Lady smith  silty  clay  loam,  21  percent  of  the  total  exchange  eftpfteity 
was  due  to  organic  natter  while  in  clay  or  B  horison  and  silty  clay  of  C 
horlson  it  ws  13,8  percent  and  25.7  percent  respectively*  On  the  average 
20  percent  of  the  total  exchange  capacity  was  due  to  orgarie  fraction. 

In  Geary  series  contribution  of  organic  matter  to  the  cation  exchange 

capacity  was  as  follows! 

m  A  horlson  (day  loan)  15.4  percent  of  cation  exchange  capacity  me 
due  to  organic  natter  and  1*0  percent  and  K.6  percent  In  B  and  C  horisone 
respectively  was  duo  to  organic  natter.  On  the  average  in  these  types  the 
contribution  of  organic  natter  to  the  cation  exchange  capacity  was  10,3 
percent  of  the  total, 

m  Sftfpy  series,  where  the  soil  type  was  fine  sandy  loam  throughout 
the  profile,  the  contribution  of  organic  fraction  to  cation  exchange 
capacity  amounted  to  36  percent  in  A,  39.6  percent  in  c^  and  32  percent 
in  Cg  horisone. 


ftcehengeable  Cations 

in  Ladysaith  aorleo  In  A  horison  the  soil  class  was  ailty  cloy  lcum.  m 
this  layer  Ca+f  amounted  to  12.8  me.  per  100  g.  of  eoil,  in  B  horlson  where 
the  eoil  elass  was  clay,  Ca+t  ions  occupied  2A  me#  per  100  g*  of  soil  and  in 
C  horizon  where  the  soil  was  eilty  clay,  Ca+f  ions  occupiod  31*25  me,  per  100 
g*  of  soil*  There  was  an  increase  in  the  exchangeable  Ca+4  ion  with  on  in- 
croosa  in  depth  up  to  C  horizon*  Calcium  was  the  dominant  ion  throughout 
the  profile*  Its  quantity  in  surface  layer  was  5120  pounds  per  acre,  9600 
pounds  ^r  aero  in  B  horison  and  12,500  pounds  per  aero  in  C  horlson*  This 
ion  constituted  43*1  percent,  53*3  percent  and  64,2  percent  of  idle  total  a*-   , 
change  capacities  of  the  A,  B  and  C  horisone,  respectively*  on  the  average  it 
oocupied  53*5  pereent  of  tho  cation  exchange  capacity  throughout  the  profile* 

{ftgnssium  exchangeable  ion  was  present  in  the  concentration  of  1*3  as* 
per  100  g*  of  soil  in  A  hortson,  7*8  me,  in  B  and  C  horizons*  The  amount 
of  exchangeable  magnesium  present  in  this  series  was  312  pounds  per  acre 
in  A  horlson,  1870  pounds  per  acre  in  B  horison  and  C  horlson*  This  constituted 
A*38  percent  in  A,  17*35  percent  in  B,  and  16,02  percent  in  C  horizons  re- 
spectively* The  B  and  C  horizons  were  rich  in  the  exchangeable  magnesium 
as  compared  to  A  horison*  on  the  average  exchangeable  magnesium  forme  12*8 
percent  of  the  total  cation  exchange  capacity  in  Ladysmith  soil  series. 
This  is  the  third  isost  abundant  cation. 

The  concentration  of  the  exchangeable  potassium  ions  In  XAdysmith  silty 
day  loaa  in  A  horison  was  1*3  me*  per  100  g.  of  soil,  1*76  me*  per  100  g* 
in  the  B  horison,  and  2*0  me*  per  100  g*  of  soil  In  C  horlson*  Exchange- 
able potassium  tends  to  Increase  with  an  increase  in  depth  of  profile*  The 
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total  quantity  of  exchangeable  potassium  ion  was  1014  pounds  per  acre  in 
a  horizon,  1372  pounds  par  acre  in  B  horizon,  and  1560  pounds  per  acre  in 
C  horizon*  This  constituted  4,33  percent  in  A  horizon,  3*9  percent  in  B 
horizon  and  4*1  percent  in  C  horizon  of  the  total  cation  exchange  capacity. 
On  the  avenge  it  foamed  4*1  percent  of  tho  total  cation  exchange  capacity, 
lotassius  was  the  least  abundant  exchangeable  cation  in  the  Ladysmith  soil* 

The  concentration  of  exchangeable  sodium  in  Ladysaith  roil  vuo  0.57 
as*  per  100  g*  of  soil  in  A  horizon,  2*9  oo.  per  100  g,  of  soil  in  B  horizon 
and  3*28  no*  per  100  g*  of  soil  In  C  horizon*  The  absolute  quantities  of 
this  ion  were  262  pounds  per  acre  in  A  horiaon,  1330  pounds  per  acre  in  B 
horizon,  1&Q  pounds  per  acre  in  G  horizon*  Exchangeable  sodiua  ion  fonns 
1*93  pereent  in  A  horizon,  6*45  percent  in  B  horizon  and  6*75  pereent  in 
C  horizon  of  the  total  exchange  eapacity*  This  cation  ranked  fourth  in 
abundance  in  the  Ladysaith  soil. 

The  concentration  of  exchangeable  hydrogen  ions  was  highest  in  A 
horizon,  i.e*  13.72  no.  per  100  g*  of  soil  or  46*21  pereent  of  the  cation 
exchange  capacity*  The  B  horizon  contained  8*54  as*  per  100  g*  of  soil  or 
had  19*0  percent  of  tho  total  exchange  capacity  occupied  by  exchangeable 
hydrogen  and  C  horiaon  containsd  4.37  ase*  per  100  g*  of  soil  or  had  9  per- 
cent of  the  total  exchange  capacity  occupied  by  this  cation* 

m  ladysaith  soil  series  tho  concentration  cf  the  exchangeable  bases 
(Cast,  K£**,  2*,  -rid  H&f)  increased  in  tho  lower  layer  of  the  profile  and 
the  concentration  of  hydrogen  ion  decreased  with  greater  depth  of  profile* 
This  indicates  leaching  of  bases  to  lower  strata*  This  is  further  indicated 
by  the  base  saturation  percentages  cf  the  A,  B  and  C  horizons*  The  bass 
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saturation  percentage  in  A  horizon  wus  53.8  percent,  81  ?>ercQnt  In  B  and 
91  percent  in  C  horizon.  The  corresponding  pH  values  were  5.6,7.2,  and 
8,2,  rospsdtvely.  This  showed  clearly  that  as  the  base  seturttion  increased, 
the  pH  of  the  soil  also  increased*  The  abundance  of  the  cations  in  l*dysaith 
soil  in  tee  descending  order  was  as  follovei 

Ca>H>Mg>Ha>K 

In  Gear/  series  exchangeable  Ca4*  use  17.2A  me.  per  100  g.  of  soil 
In  A  horizon,  16.87  me.  per  100  g«  In  B  horizon,  16.23  «e»  per  100  g.  In 
C  horizon.  The  aetasl  quantities  of  the  exchangeable  calcium  in  A,B,  and 
C  horizons  were  6,870  pounds  per  acre,  6766  pounds  per  acre  and  6500  pounds 
per  acre,  respectively.  The  distribution  was  quite  uniform  throughout  the 
profile.  These  values  were  64.0  percent  5&.0  percent  and  57.0  percent 
of  the  respective  cation  exchange  capacities  In  A,  B,  and  G  horizons. 

The  concentration  of  exchangeable  magnsalun  ions  varies  considerably 
In  the  profile.  It  was  4.4  m  p«r  100  g.  soil  In  A  horizon,  10.4  me.per 
100  g.  la  B  horizon  and  5.7  me,  per  100  g.  in  C  horizon.  The  respective 
quantities  were  1080  pounds  per  acre,  2500  pounds  per  acre  and  1370  pounds 
per  acre.  These  values  were  16.3  percent  of  the  total  exchange  capacity 
in  A  horison,  34.0  pereant  of  the  cation  exchange  capacity  In  B  horizon  and 
20  percent  of  the  exchange  capacity  in  C  horizon.  There  was  considerable 
accumulation  of  magnesium  ions  in  tee  B  horizon  of  this  soil. 

The  exchangeable  potassium  content  in  tele  soil  was  3,04  no,  per  100 
g.  In  A  horizon,  2,25  ae.  per  100  g.  In  B  horizon  and  2,08  me.  pttr  100  g. 
In  C  horlaon.  The  actual  quantities  were  2376  pounds  per  acre  in  A  horizon, 
1755  pounds  per  acra  in  B  horizon  and  1620  pounds  per  acre  in  C  horizon. 
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•fills  constituted  11.7  percent  of  the  cation  exchange  capacity  in  A  horison, 
7»5  percent  and  7.3  percent  in  B  and  C  horizons,  respect! vaiy.  The  surface 
layer  was  considerably  richer  in  this  ion  as  compared  to  the  subsoil  layers. 

The  concentration  of  the  exciiangeable  sodium  in  this  soil  was  only 
O.W  me.psr  100  g*  in  A  horizon,  0.32  ae.  per  100  g.  in  B  horizon  and  0.A0 
ae.  per  100  g.  of  soil  in  C  horizon.  The  actual  amounts  of  tills  cation 
present  was  64  pounds  per  acre  in  A  horizon,  147  pounds  per  acre  in  B  horison 
and  184.  pounds  per  acre  in  C  horizon.  These  quantities  constituted  0.52 
percent,  1.04  percent  and  1.4  percent  of  the  total  exciiange  capacities 
of  the  respective  horizons.  The  B  and  G  horizons  bad  considerably  more  of 
this  clamant  than  the  surface  horison. 

The  concentration  of  exchangeable  hydrogen  In  Ge^Jry  series  vae  2.12 
as.  per  100  g.  of  soil  in  A  horison,  0,47  as.  in  B  horizon  and  3.69  ae.  peer 
10*  g.  in  C  horison.  This  Ion  formed  4,48  percent  in  A,  1.56  percent  In  B 
and  13*2  percent  in  C  horizon  of  the  total  exchange  capacity. 

The  general  picture  of  the  exchangeable  cations  as  a  whclc  in  Geary 
soil  use  such  that  the  ealciua  ion  was  the  most  abundant  f ollovod  by  magnesium, 
potassium  and  hydrogen.  Sodium  ion  was  in  least  quantities.  The  decreasing 
order  of  abundance  vac  as  follows i 

Ca>l«#>K>Hj!la 

The  extent  of  base  saturation  In  A  horison  war;  92  percent,  98.4  percent 
in  B  horizon,  and  37.3  percent  In  C  horizon. 

Sarpy  series  contained  21. A  me.  per  100  g.  of  cxohangeahl*  Galeiua+4 
In  A  horizon  (plow  layer),  22.8  ae.  per  100  g.  of  soil  in  G±  horizon  and 
20.6  as.  per  100  g.  In  Cfc  horizon.  The  actual  quantities  present  were  8550 
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pound*  per  acre  in  A  horizon,  9120  pounds  par  acre  in  C^  horizon  and  82J0 
pounds  per  acre  in  Cj  horizon*  The  calcium  ion  -was  the  most  abundant  of 
all*  It  occupied  84.2  percent  of  the  total  exchange  capacity  in  A  layer 
while  in  B  and  C  it  comprised  84*8  and  90  percent  of  the  exchange  capacities, 
respectively. 

The  exchangeable  magnesium  in  Sarpy  ttno  sandy  loan  was  as  follows  1 
The  plow  layer  of  this  soil  had  none.  In  0^  horizon,  there  was  only 
0,31  me.  per  100  g.  soil  while  in  the  C2  horizon  it  amounted  to  0*83  me. 
per  100  g.   The  total  quantities  are  0  pounds  per  acre,  77  pounds  per  acre 
and  199  pounds  per  acre  in  A,  Q±  and  (%  horizons,  respectively  •  This  foamed 
0,  |«l  percent  and  3,6  percent  of  the  total  cation  exchange  eapaeitv.  These 
quantities  of  exchangeable  Magnesium  warn  vary  low  as  compared  to  other 

series* 

Exchangeable  potassium  in  t  d.e  soil  amounted  to  1*95  aw*  per  100  g,  in 
A  layer,  1,45  »»,  per  100  g*  in  CL  layer  and  1,0  me*  par  100  g,  in  C2 
horizon.  That  meant  that  7,5  percent,  5,4  percent  and  4.4  percent  of  the 
total  exchange  capacities  of  A,  Gjj  and  (%  horizons,  respectively,  were 
occupied  by  potassium.  The  actual  quantities  of  exchangeable  potassium 
present  were  1580  pounds  per  acre  in  A,  1130  pounds  per  acre  la  C±  and  780 
founds  per  acra  in  C2  horizon.  The  surface  layer  was  rich  in  this  element 
as  compared  Cj.  and  Cg  layers* 

The  concentration  of  exchangeable  sodium  in  Sarpy  fine  sandy  loam  was 
0,13  me,  ^w  100  g,  of  soil  in  A  horizon,  0,14  m*.  per  100  g.  in  Oj  and  0*35 
me,  per  100  g.  in  Cfc  horizeaa.  The  actual  t^aontitiez  present  were  59,8, 
$4*5  ami  l&L  pounds  per  acre  in  A,  Ox  and  C2  horizons,  respectively.  It 
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was  in  rory  low  concentration.  The  expression  "in  traces"  might  1m  justified 
for  this  concentration,  these  quantities  amounted  to  only  ,5  percent  in 
A,  0.5  percent  in  Cj  and  1.2  percent  of  the  exchange  capacity  in  C^  horizon. 

the  exchangeable  hydrogen  woe  1.99  me.  per  100  g,  soil  in  A  horizon, 
2.18  me.  per  100  g.  of  soil  in  CL  end  0.02  me.  per  i°°  g»  cf  soil  in  C2 
horison.  This  amounted  to  7.8  percent,  8.1  percent  and  0.8  percent  of  the 
exchange  capacities  of  the  A,  0^  *nd  C^  horizons,  respectively. 

Base  saturation  percent  in  the  soil  was  92.2  percent  in  A  horizon,  90.7 
percent  in  Gt  and  98.0  j  ercent  in  Cg  horizon.  The  picture  of  the  exchange- 
able  cations  as  a  whola  vac  that  calcium  was  the  most  abundant  of  tho  cations. 
Tlie  order  of  abundance  in  descending  fashion  wist 

Ca  >K  >H  >Mg.>Ha 

Exchange  Capacity 

The  study  of  Table  19  revealed  that  the  total  exchange  capacity  of 
each  soil  type  in  Ladysmith  scries  is  29*7  me*  per  100  g.  of  soil  in  silty 
clay  loam  of  A  horizon,  45.0  use,  per  100  |g  of  soil  in  clay  of  B  horizon 
cad  48*7  me.  per  100  g.  in  silty  clay  of  C  horizon*  The  exchange  capacities 
due  to  clay  miner-Is  only  was  23. A  me.  per  100  g.,  58*8  me.  per  100  g.  and 
36.2  me.  per  100  g.  of  soil  in  A,  B,  and  C.horizons,  respectively.  The 
respective  percentages  of  tho  total  exchange  capacities  wore  79,  86.2  and 
74.3,  respectively.  This  shoved  that  about  80  percent  of  the  total  exchange 
capacity  was  due  to  mineral  colloids  and  the  remaining  20  percent  was  due 
to  organic  colloids  in  Ladysmith  soil.  The  X-ray  diffraction  data  showed 
that  the  minora!  composition  of  the  ladysmith  soil  consisted  of  tho  following 
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clay  minerals i 

1,  MDntaorillcnite  as  the  dominant  clay  dneral  associated  with  Ililte, 
Kaolinite  and  Kontsjarillonlte  Intorstratlfied  with  Ulite, 

The  total  cation  exchange  capacities  in  Geary  series  were  26.9  me*  per 
100  g.  in  A  horizon,  30.3  me.  per  100  g.  In  B  horizon  and  28.1  ©o.  per  200 
g.  In  C  horiaon.  The  exchange  capacities  due  to  day  minerals  were  22.8 
me.  per  100  g.  in  A,  30.0  ae.  per  100  g.  in  B  and  2A.0  as. par  100  g.  in  C 
horizons.  On  the  average,  90  percent  of  the  e:  change  capacity  in  this  soil 
series  was  the  contribution  of  the  clay  minerals  ;  resent.  The  remitting 
10  percent  was  due  to  organic  colloids.  X-ray  diffraction  data  indicated 
that  MontBorillonite  was  the  dominant  clay  mineral  present  followed  by 
Ullto,  and  Kaolinite  as  associated  minerals. 

The  cation  exchange  capacities  in  Sarpy  series  were  25.5  me.  per  100 
g.  of  soil  in  A,  26.9  me.  per  100  g.  in  C^  and  22.3  as.  per  100  g.  in  C2 
horizons.  The  exchange  capacities  due  to  minerals  present  in  each  sons  vera 
16.3  me.  per  100  g.  16.2  me.  per  100  g.  and  15.9  me.  per  100  g.of  soil  in 
A,  Ox  and  Oj  horizons,  respectively,  cm  the  average  about  6A  percent  of  the 
exchange  capacities  in  tils  soil  were  duo  to  the  mineral  conoids  of  the 
soil.  The  clay  minerals  present  in  Mils  soil,  as  shown  by  X-ray  diffraction, 
are  Kontaccrillonifcj  associated  with  Ililte,  Vomiculita  and  with  little 
Kaolinlto. 

siMftK?  and  cmcumtam 

Three  Kansas  soils  were  tkken  for  fertility  studies.  The  approach 
to  the  problem  was  of  physico-chemical  nature.  The  colls  are  Ladysmith, 
Oeary  and  Sarpy. 
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Qtt  the  basis  of  the  aechanleal  analyses  perf oraod,  the  testural 
classifications  of  the  soil  types  were  determined.  The  A  horizon  of  Lady- 
smith  consisted  of  sllty  clay  loam,  B  horizon  clay  and  C  horizon  consisted 
of  silty  clay.  Geary  coil  in  top  layer  ahowad  clay  loam,  in  B  horizon  ailty 
clay  and  C  horizon  eilty  clay  loon*  Sarpy  soil  analysed  as  fine  tandy  loan 
throughout  the  profile. 

tteter  saturation  percantsge*  were  determined.  Ladysmith  showed  45  per- 
cent, 67  percent  and  58.7  percent  In  A,  B,  and  C  horizons,  respectively. 
The  67  percant  saturation  found  in  B  horizon  was  the  highest  of  all  the 
types.  Ulster  saturation  percentage  values  in  Geury  soils  were  41  pereent, 
47  percent  and  45  percent  in  A,  B,  and  C  horizons,  respectiv  ly.  Sarpy 
soil  showed  33  percent,  32  percent  and  34  percent  of  water  saturation  in  A, 
C^  and  Cg  horizons,  respectively. 

Organic  mtter  contents  were  determined  in  all  the  soil  types.  Lady- 
smith  contained  4.1  percent,  1.5  pereent  and  0.67  pereent  in  A,  B,  and  C 
horizons,  respectively.  Geory  soil  eontainad  3.75  percent,  1.74  percent 
end  0.98  pereent  in  the  respective  A,  B  and  C  horizons,  while  Sarpy  fine 
eand>  loan  analysed  as  1.2  percent,  0.93  percent  and  0.6  percent  in  A,  Cj^ 
and  C-  horizons,  respectively. 

Soil  pH  values  were  determined  and  recorded  as  5.6,  7.2  and  8.2  in  lady* 
smith  A,  B  and  C  horizons,  respectively,  5.7,  5.2  and  6.4  in  oeary  A,  B  and 
C  horizons,  res; actively  and  a  pH  value  of  8.0  was  observed  in  eaeh  of  the 
horizons  of  the  Sarpy  fine  sandy  loam  soils. 

Exchangeable  cations  were  determined  and  their  activity  in  soil  profile 
studied.  Calcium  was  fofnd  to  bo  the  most  abundant  cation  in  each  of  the 
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soil  types  studied*  The  decreasing  order  of  abundance  of  the  exchangeable 
cations  in  Lady smith  group  was  found  to  be  aei 

Ca^H)Hg>Ss.>K 
similar  order  of  abundance  in  Geary  soil  vast 

0a)Mg>K  )a)as 
and  in  Sarpy  soil  the  order  of  abundance  was: 

Ca>K^H>Hg>lla« 

Ladysmith  soil  had  6.5  percent  of  excii&ngeable  sodium  in  B  and  0  horizons. 
The  accumulation  of  cations  in  lower  layers  indicated  laaching  of  A  horlson 
of  bases.  Sarpy  soils  had  little  megneeium.  This  soil  seemed  to  be  deficient 
in  magnesium  content. 

Cation  exchange  capacities;  of  aach  soil  types  were  determined.  Lady- 
smith  soil  had  2,  .69  me.  per  100  g,  of  soil  in  A  horizon,  45.0  me.  t*»t  100 
g.  in  B  horison  and  42.71  me.  per  100  g,  in  C  horizon.  Eighty  percent  of 
the  cation  exchange  capacity  vas  due  to  the  mineral  colloids  and  20  percent 
was  due  to  organic  colloids. 

Cation  exchange  capacity  of  Geary  soil  was  26.9  me.  per  100  g,  of  soil 
in  A,  30,3  me.  per  100  g,  in  B  and  28,1  ems.  per  100  g.  of  soil  in  C  horizon. 
Ninety  percent  of  this  value  was  due  to  clay  minerals  and  10  percent  due  to 
organic  matter. 

In  Sarpy  soil  cation  exchange  capacity  was  25.5  me,  per  100  g.  in  A 
horizon,  26.9  me.  per  100  g.  in  C^  and  22.8  me.  per  100  g.  in  C2  horizons. 
Clay  minerals  contributed  64  percent  and  organic  matter  36  percent  of  the 
total  cation  exchange  capacity. 

Clay  minora!  species  varo  ascertained  in  these  soils  by  using  the  X-ray 
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diffraction  technique,    1Sx&  clay  ssinerals  noticed  In  ell  these  three  soil 

series  vsrei 

Montaiorillonite  as  a  dominant  Mineral  associated  vith  Elite,  Vemiculite 
and  little  Kaolin!  to. 
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Cation  exohenge  is  one  of  the  aost  iaportant  phaneewjne  In  the 
field  of  soil  fertility.    This  Is  the  Wilt  SB  through  which  nutrient  cations 
ere  mde  avallablo  for  plant  use.    That  la  why  It  to  considered  to  be  the 
second  wet  inportant  eheadoel  jfcsnonsnon  in  nature,  superceded  only  by 

phetoeynthotic  activity* 

Fertility  stadia*  of  this  type  were  nade  on  three  Kansas  soil 
aerieet    Ledyenlth,  Geary  and  Sarpy,    Babsngsebls  e-ttons  throughout  the 
profile  were  studied*    in  order  to  erstaete  the  noils  under  study,  their 
Mechanical  analyses  and  organic  natter  content*  Mare  dafcsrninod.    Ladyaeltb 
soil  was  found  to  be  of  eilty  clay  loan  In  the  eurf&ee  layer,  clay  in  9 
horiBon  end  silty  ©lay  in  C  herison.    Geary  eoU  hod  clay  lose  in  surface 
layer,  silty  day  in  B  horiaon  and  silty  clay  loan  in  G  horiaon*    the 
Sarpy  eoU  eensleted  of  fine  aandy  loan  type  throughout  the  profile. 

Organic  natter  content?  found  in  the  top  layers  of  these  Vree  soil 
series  vers  4*1  voreent  in  Ladyeaitii  ailty  eley  loss,  3.75  percent  in  Csery 
clay  loss  and  1*2  peresnt  in  Sarpy  fine  sandy  loom  (cultivated). 

water  saturation  perosstsgss  ware  detaamined*    t,;dyemith  bad  the 
WLghert  value  as  67  psroent  and  the  Sarpy  th*  lowest  32  percent,  while  fieary 
bud  an  intenetdiete  value  of  45  percent*    those  values  were  taken  as  indi- 
cations *f  the  corresponding  vatcr  holding  eap&citloe  of  soils.    Saturation 
extracts  vers  obtained  eft*  analysed  for  water  actable  nations*    Galciun 
sad  negnsaiun  were  net  found  In  these.    Potassiua  and  sodiun  wore  present 
in  aaall  aaounts.    Soil  pH  was  deteratnsd.    Ladysnlth  bad  seines  of  5.6, 
7.2  and  8.2  in  lta  A,  »  and  C  horizons,  respective  ly.    Gesxy  shoved  5.7, 
5.2,  and  6.4  in  Its  A,  B,  and  C  noriaoas,  respectively.    Sarjy  had  a  pfl 
value  of  fi.i>  in  aacu  horiaon. 


Exchangeable  cations  were  determined  in  each  soil.     Calcium  was  the 
moat  abundant  exchangeable  ion  in  each.     Ladysmith  showed  evidence  of  leaching 
of  cations  from  top  layer  to  lover  layers.     Exchangeable  Na  oooupied  about 
6.5  percent  of  the  exchange  capacity  in  the  B  and  C  horizons  of  this  soil. 
The  relative  abundance  of  ions  in  decreasing  order  in  Ladysmith  was  found  to  bet 

Ca>HiMg  !>Na)K 
In  Georyt  Ca  >Mg  >K  ,)H  >Na 

and  in  Sarpyi  Ca  >  K  >H  )  Mg  >Na. 

Sarpy  soil  was  very  low  in  exchangeable  magnesium  and  seemed  to  be  deficient 
in  that  element. 

Cation  exchange  capacities  of  these  soils  were  determined.     Lady- 
smith had  a  value  of  29.67  me.  per  100  g.  of  soil  in  A  horizon;  4.5.0  me.  in 
B  and  48.1  me.  in  C  horizon.     Eighty  percent  of  the  exchange  oapaoity  was 
found  to  be  due  to  mineral  colloids  and  20  percent  due  to  the  organio  matter. 
Geary  had  cation  exchange  capacities  of  26.9,  30.3,  and  28.1  me.  per  100  g. 
of  soil  in  its  A,  B  and  C  horizons,  respectively.     In  this  90  percent  of 
the  total  exchange  oapaoity  was  due  to  the  mineral  colloids  and  10  percent 
due  to  organio  matter.     Sarpy  had  cation  exchange  capacities  of  25.5  me* 
26*9  me.  and  22.8  me.  p*r  100  g.  of  soil  in  its  A.  C^  and  Cg  horizons, 
respectively.     Sixty-four  percent  of  the  total  oation  exchange  oapaoity 
was  contributed  by  the  mineral  colloids  and  36  percent  by  organic  matter. 

Clay  mineral  species  were  identified  by  using  the  X-ray  diffraction 
technique  in  each  soil  series.     Each  of  the  three  series.  Ladysmith.  Geary 
and  Sarpy  had  Montmorillonite  as  a  dominant  clay  mineral,  associated  with 
Illite,  and  small  amount  Kaolinlte. 


